it was possible to identify signals, most probably generated by sprites. The infrasonic observations made during that night are described in the present report.
THE METEOROLOGICAL SITUATION
It is essential to describe the specific meteorological situation during the observation period. This is provided in Fig. 1 , where images taken by the NOAA satellites in the visual range before and after the actual night are shown. In the upper part of Fig 1 an image taken by the NOAA 14 satellite on May 26 at 1143UT is shown. The lower part shows an image taken by the NOAA 12 satellite on May 27 at 0735UT. On May 26 there is an arc-like cloud formation following the Golf of Bothnia and the Baltic Sea. On May 27 the weather system has been transformed it a S-shaped structure with its northern pat moving westward and the southern part moving eastward, indicating formation of a low pressure area over the central part of the Golf of Bothnia. During the night of May 26-27 a considerable thunderstorm activity was reported in the middle part of the Golf of Bothnia. Recordings of Cloud-to-ground lightnings performed by the Institute of High Voltage Research, Uppsala University, indicate a large number of lightnings at that time and location.
Observations of lightnings during the period 20-00 UT of May 26 are shown in Fig. 2 . As the infrasonic signals were observed from only one station, locations of positive and negative strokes have been transformed to azimuths measured from the infrasonic station in Jämtön. It may be seen that numerous lightnings were recorded 
Figure 2
Azimuths to positive (left) and negative strokes (right) as those would be observed from the infrasonic station in Jämtön (Luleå).
above the Golf of Bothnia and that there is a number of positive lightnings observed along the coast of Finland (azimuths between 100 and 170°). It may be seen that there is a general agreement between the occurrence of positive strokes and the occurrence of infrasonic chirps. Four positive strokes (of 17 observed) are directly related, after correction for the propagation time to the observed infrasonic chirps.
INFRASONIC OBSERVATIONS
During the actual period two infrasonic stations could be of interest with respect to the thunderstorm activity: Jämtön (65.8N, 22.5E) and Lycksele (64.6N, 18.7E). During that night, the center of thunderstorm activity was located 90-130 km east of Lycksele, but 200-250 km SSE of Jämtön. The infrasound observations in Lycksele do not show any unusual features during that night, while the observations at Jämtön show very unusual signals from the SSE, beginning shortly after 20 UT. The signals, having a form of ascending chirps with frequencies varying between 1 and 6 Hz, are highly correlated across the microphone array (75 meters). The duration of the signal varies between 3 and 10 seconds. The most intense and best correlated signals were arriving from directions between 160 and 180°. Weaker signals were seen from directions down to 140°. The observed directions ( Fig. 3) coincide well with the location where positive cloud-to-ground lightnings (Fig. 2) were recorded along the coast of Finland.
An example of an angle-of-arrival recording between 2030 and 2100 UT is shown in Fig. 4 . The upper part of the diagram shows the angle-of-arrival marked by circles with a diameter proportional to the maximum crosscorrelation between the microphones. In the lower part of the diagram the horizontal phase velocity of the signal across the array is plotted.
In order to show the frequency signature of the signals very short samples of the signal (only 16 samples corresponding to 0.89 seconds) were used for FFT analysis. 8 frequency channels were thus obtained, each corresponding to 1.125 Hz between 0 and 9 Hz. The spectra have a low frequency resolution, but a high temporal resolution. Two examples of 3-D spectra with a high temporal resolution are shown in Fig. 5 .
In order to obtain a high time resolution a very short window of 16 points was moved along the time series. The FFT of each 16 point window results in an 8 points frequency spectrum covering the frequency range between 0 and 9 Hz. The effects of both the high-pass filter built into the microphone (0.4 Hz) and of the antialiasing low-pass filter with a 3 dB point at 6 Hz may be seen in the spectrum. In spite of the high damping of the low-pass filter (40 dB at 9 Hz), the chirps may usually be traced up to 9 Hz. In some cases, the chirps seem to bend at the highest frequencies (i.e. signal at 9 Hz arrives earlier than the signal at 7 Hz). Another interesting characteristic of the infrasonic chirps is that some of them occur in pairs; see e.g. Fig. 4 at 2035 and 2036 UT. An example of a typical time series of the signal recorded by one of microphones is shown in Fig.6 .
The above described signals essentially differ from those usually observed when thunderstorms are passing at distances of 20-100 km from the observing station. Those signals are usually nearly monochromatic bursts with frequencies around 1 Hz.
INTERPRETATION OF OBSERVATIONS
There may be different reasons why the signals were not observed at a station close to the thunderstorm area:
-The source of infrasound has a cylindrical radiation pattern, i.e. most of the energy is radiated within a narrow angle around the horizontal plane -The local turbulence within the thunderstorm area and its surrounding generates high wind noise levels which obscure the signals -The high altitude winds with a strong EW-component introduce an unisotropy into the infrasound propagation.
The infrasound propagating upwards from a source in the atmosphere may reach the ground after reflection at the thermospheric temperature gradient (see the sound velocity profile for the summer atmosphere in Fig. 7) .
In order to understand the propagation of the infrasound from a source in the upper atmosphere the results of ray tracing calculations for a source in the summer atmosphere are shown in Figs. 8 and 9 . The height of the source varies at 10 km steps from 30 km (bottom right to 120 km (top left). Fig. 8 shows the propagation towards north (A = 0°), which corresponds to the Jämtön station and Fig. 9 shows the case of A = 260°from the source (Lycksele station).
The ray tracing results show that for propagation towards north (Fig. 8) there are no rays reaching the ground between 90 and 300 km from a source between 20 and 40 km (the altitude of blue jets). Not until there is a source at an altitude of 85 to 100 km, i.e. where the sprite events are observed, are there rays reaching the ground at distances between 150 and 300 km. Most of the rays generated at these altitudes are trapped between 80 and 100 km and dissipate in the atmosphere without reaching the ground. Figure 6 An example of the typical infrasonic signal, probably associated with the thunderstorm activity, recorded at one of microphones. When the propagation is towards the west, as in the case of the Lycksele station, there are practically no rays reaching the ground (see Fig. 9 ) at distances characterictic for the given location of the thunderstorm with respect to the station.
A detailed study of ray tracing calculations indicate that for a source, within the height interval where the sprite events are observed, the rays reflected highest up in the atmosphere arrive first to the observing site on the ground (see Fig. 10 ). This is due to the fact that the sound velocity increased rapidly with the height around 100 km. That indication coincides well with the observed frequency signature of the infrasonic chirps. The slope of the frequency -time dependence of a chirp is probably related to the temperature gradient around 100 km altitude.
CONCLUSIONS
It may be concluded that the infrasonic chirps observed during the night of May 26, 1995 are very likely generated by the high altitude flashes (sprites) related to the thunderstorm activity. Since that particular storm infrasonic data from all Swedish infrasonic stations were screened through in order to find more periods when the infrasonic chirps occur. Suring following summers several infrasonic chirps were found during periods with severe thunderstorms above Scandinavia, however, never as numerous as during the storm described in the present paper. At one occasion a chirp (see Fig. 11 ) has been found at Jämtön infrasonic station on November 28, 1995 at 0930 UT, when there certainly was no thunderstorm activity above Scandinavia. 
On the Possible Infrasound

Figure 11
An infrasonic chirp observed at Jämtön station, when there was no thunderstorm activity above Scandinavia.
